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INTRODUCTION 


Alkylphenylberbiturie acids, which may aleo be called 
alkylphenylmalonylureas, have the following constitution: 


In Veronal, one of the first barbituric acide to be used as a drug, 
Rand R are beth ethyl radicals. Luminal, also called Phenobarbital, 
is the ethylphonylbarbituric acid. The syntheses of this latter 
compound, the ethylphenylbarbiturie acid ani alse of the isoenyl and 
the heptylphenylbarbituric acids were studied in this laboratory by 
James J. Chap. Isopropylphenylberbituric acid was studied here by 
James =. Doyle,” and hexylphenylbarbiturie acid by L. Bayard Spaulding. 


All of this work was bassd on the syntheses of Rising and Stieglits,* 
5,6 


Rising end Zee, and Nelsen and Creteher’ as discussed in ths 
theses referred to. 

in the present investigation emphasis has been placed on tha 
types reactions common to syntheses of all of the barbiturie acids pre- 
pared, rather than on the individual reactions pertaining to each 
particular barbiturioc aeid. However, in order to compare the syntheses 
worked out previously, as found in the literature, the reaction for 
each step in the preparation of the final barbituric eeid fromthe 
beginning compound will be given. 

In 1918 Rising and Stdeglits® prepared ethylphenyl barbituric 
acid by the so-called “war-time” synthesis, suxmarized by the following 


reastionss 


Ie CoMgCHgGN + CHO + HCL <--==> GelpCH,CO2CH, + NH,Cl 


Phenylacete~ Methyl, 
nitrile — 
Tle CoflgCHgCOgCHy * (COsCHs)s * Na0Gels <--> OF g0-0( ofa )ac( )co CoH, OR 
a Methyl DA methy. . Dimethyl 1 exaiphanpleeetate sg 
phenylecetate alee eodium salt 
IIIs CHg0gC-C (Olin #0 (Cells )CO. + HgS0, ==: C#C0-CH(C Naso, 
Dimethyl quipigitathndes ~~ Dinenayt pe Sh 3 ad 
sodium salt acetate 


TV. Cita0g0-GO-CH (Cele )COsCHts onne> (Cyl; CH(COgCHy)g + CO 
Dimethyl exalylphenylO Dimethyl phenyle 
cevteae malonate 
Vo (Goll )OH(COgCHy p+ + Cglisl <-> (Ggllg) (Cally )C(COgCH,)s * NaI + CHy0H 
sen Og is Na0CH, + Coils gis on ake CH 
malonate malonate 
Vie (Cefla ) (Calin) (COsCHa)a + Ca( Nia) e, Coe aah = GONHCOMHCO 
hyl othylphenyl- Urea Ethylphenylbarbiturie aeid 
meme 
In attempting to increase the yield of dimethyl ethylrhenyl- 
malonate, in 1927, Rising end Zee” developed a new synthesis according 
to the following reactions s 
Te CgligGHgCN + Nghe + ColpI -<> (Golly GH (CHp ) (CR) + Nal + Nig 
Ethylphenyla 


Phenylacetoe Seda- 
nitrile nide nitrile 


Ile WefigCH(CgHy)(CN) + BNa --==> RC ggCNa(CoHs)(CN) + Hy 
Ethyl pheaylaceto- Ethylphenylacetonitrile 
nitrile sodium salt 


IIIs CglgCNa(Colig)(CN) + CLCOgCHy -=> Cglig?(COgCHs) (CgHis)(CN) + NaC2 


Bthylphenylaceto- Methyl 1 cyanoethyl 2 
nitrile, sodium salt aime = canes te ne 
formate 
IV. Gglig0(COgCHg) (Calg) (CN) + CH.OH * HCL ==> Cgllsl (COgCHy) (Cos )C( sNHgCl(0CHs ) 
Methyl eyanoethylphenyl- Methyl ethylphenylmalonate 


acetate nothyl iminoester hydrochloride 


V.  OglgC(COgCHs ) (Cols )C( sNHgC1)(OCH,) + HOH --> ColigC (Colts ) (Co + NH,C1 
Methyl othylphenyl- m Dimethy) pA i ” 
melonate malonate 
methyl iminoester hydrochloride 


VI. GgHgG(CgHs)(COgCH,)_ + OC(NHg), -=-> (CeHta) (@gHg¢~comncona = 60 
Dimethyl ethylphenyl- 5,5-Ethylphenylbarbiturie aeid 
malonate 
Although Rising and Zee obtained the desired ester by this 
synthesis, the yield was not increased. In the following year they 
impreved the nethoa® by introducing the methyl group into the ethyl- 
phenylacetonitrile and by reacting the sedium salt of nethylethyl phenyl- 
nalonate with methyl chloroformate. 


T+ (Celis )CHg(CN) + Malla + CgligI --> (GgHs)(Cglg )CH(CN) + Nal + Nit 


Phenylagete- Sodamide Ethylphenylaceto~ 
nitrile nitrile 
IIs (CgHs) (Cel, )CH(CN) + CEgOH + HCL <=> > \Cabte ) Cally )CHC (*1tHgC2 )(OH, 
Ethylphenylaceto- Sthylphenylacetic methyl iminoester 
nitrile hydrochloride 
IIZ+ (Cols) (Cals, )CHC(=NHCL)(OCHg) + HgO --> (Cells) (Cols) CH(COgCHy) + NACL 
pad be ach try art cm: _ ipignanytenctet, 


imiucester hydrochloride 
I¥. 2(Cefls (Gals) CH(O0g0H + Bia => Z(Cebty)(OpHts )0-0 (0c) (08a) +H f 
Methyl ethylphenyl- Methyl ethylphenyl.acetate 
acetate Pers salt 


¥. (OgHs, ) (Coli, )C * C(OCHy) (ONa) one (Cells) (Cee )0(00g0H, Me 
Enol forn Ket 


Vi» (Celis (Calls 0 (COg6Rs )Ma + C1lCOgCHs --> (Colts )(Calis 10 (COs0He )s + Kati 


dium’ salt Methyl Dimethyl ethylpheny: 
Pm malonate 
VII. (GeteX Calls 1° (O8sHs a + oc(ita) > (GoM) Oatig)b-comsvont-Co 


1 ethylphenyl- Urea Ethylphenylbarbiturie acid 
aes - : 


Nelson and Cretecher’ simplified the preparation of diethyl ethylphenyl- 
malonate as shown by the following reactions: 


T. GgligCligON + OC(OCgBs)y + Mallg+ ---> (GN) (Cols )CH-COgd gH, + My + Ha0CgH, 
Phenylaceto- Diethyl Sodamid Ethyl cyano ° 
nitrile carbonte “ = maa 


II. (CN)(GgH,)oHeo HOL + 6 
| foie He) OMOAO lg + HEL + Oyo - § sGeeOH(OOg0aH)a + men 


acetate malonate 
III. GgligCH(COg@alis)g + Coli + 6 OH ==> (¢ (Cals )C(COgGHS), + HI + C 
nfetngl phsayl-" mei pastigt etnpipaeagl 
nalonate malonate 
IV. (Cglig) (CgHs )C(COgC gM, yg * 0¢(1aig) «=> 3 ) (Cah, )CCONHCONECO 
Diethyl ethylphenyl . . ipl efavens acid 
malonate 
Chap further developed the technique and obtained higher yields. 


His synthesis of othylphenylbarbituric acid my be summarized by these 
reactions. 
I. CgHgCHgCN + OC(OCoH. pg + NalNlig --> (Coll, )(CN)CH(COgegH,) + NHg + Col;OMa 
Phenylagsetoe Diethyl Sodemide thyl cyanephenylacetate 
nitrile carbonate 


IZs (CgHis )ON)CH(COgCgMy) + CoH, I + CglgONa ~-> (gH, (Cols O(N) (COgCgH, )+ial+CgH.0H 


Ethyl cygmophenyi- Ethyl cyanoethyl phenylaectate 
acetate 
IIe (Cel; ) (Coils) C(CH) (CO, CgHy) + OC(NHg)geNa > (Cells) ¢afs )eomconae = 
Ethyl cyanoothylphonylacetate Urea apiindaieaeteeverse 

acid 

IV. (Gglig)(CgHs JCCONICONIC © NE + gO <--> (CoH) (Cg )CCONHCOMHCO 
Ethylphenyliminoberbit urie $,5-Ethylphenylbarbituric acid 

aeid 


Inasmuch as the present investigetion consists of a study of thd:« 
three principal renetions; (a) diethyl carbonate condensation, (b) alkylation 
and (¢) ures condeneation; the syntheses priviously referred to were not 
carried out here. However, a brief comparison of the methods will be given. 

In all ef these syntheses the starting compound was phonyl- 
acetonitrile, with the objoctive of obtaining dialkyl ethylphenylmalonate, 
for once this compound had been obtained it was simply condensed with urea 


to form the alkylphenylbarbituric acid. 


In the “war-time” eynthesis phenylacetonitrile was hydrolyzed 
and then condensed with dimethyl oxalate. By this method two carboxyl 
groupe were introduced, yielding finally phenylmalonic ester whish wae 
then alkylated to obtain dimethyl ethylphenylmalonate. 

Rising and Zee reversed the wocess, first alkplating phenyl- 
acetonitrile and then introdueing the two earboxyl groups, the first by 
methyl chloreformate, the second indirectly by the action of methyl 
alcohol and hydrochloric acid and the hydrolysis of the intermediate 
iminoaeid ester. 

Rising and Zee impreved their technique by changing the order 
in whieh they added their reactants. As before, they alkylated phenyl- 
acetonitrile. Then they introduced the first carboxyl group by the action 
of methyl alcohol and hydrechlorio acid and hydrolyzing the iminoacid. 
After one carboxyl group was already present in the molecule, the second 
one was introduced by means of methyl chloroformate. 

Neleon and Cretcher used sodamide as a oondensing agent. They 
condensed phenylacetonitrile with diethyl carbonate to obtain ethyl oyano- 
phenylacetate. By treatment of this ester with ethyl alcohol and hydre- 
chloric aeid, they obtained diethyl phenylmalonate- Finally the diethyl 
phonylmalonate was alkylated with ethyl iodide to give diethyl ethylphenyl- 
malonate. 

In Chap'e modifieation of Nelson and Creteher'e methol the 
diethyl ethylphenylmalonate wae not synthesised. He condensed phenyl- 
acetonitrile with diethyl carbonate and by alkylating the resulting 
product, obtained ethyl cyancethylphenylacetate. This alkylated ester 
which contained only one carboxyl group was condensed with urea. The 
result wae the iminobarbituric acid which upon boiling in dilute hydre- 


chloric acid was hydrolyzed to the barbituric acid. 


PLAN OF PRESENT INVESTIGATION 


In the work of Ohap and others in this laboratory there 
were encountered various technical difficulthes, some of which 
require further study. These points of technique are really the 
substance of the study here recorded and are included under three 
heads as follows: 

I. The diethyl carbonate condensation. 
II. The alkylation. 


Iii. The urea condensation. 


I. Diethyl carbonate condensation. 


, , 
Cells Ces 
mS \ 
C + Nel, <--> Cc + Ni, ft 
4 H 
Phenylaceto- Sedamide Phonylacetonitrile, 
nitrile sodium salt 
roi’ . 
G CeHs 
a c ¢ €20Q omas> > + HOC SHs 
| —<— 
H OCgHs COOC gH, 
Phenylaceo- Diethyl Ethyl syanophenyl- 
nitrile carbonate acetate, 
sodium salt sodium salt 
i s 
Celis a 
Py: ¢ HOl <--> eT + NeCl 
Na 7 A 
COOCeHs COO gHs 
Ethyl cyanophenyl- Ethyl cyanophenylacetate 


acetate, 
sodium salt 


In this condensation, mentioned in the work of Kelven 
and Cretcher end of Chap, the phenylaeetenitrile is condensed with 
diethyl carbonate in order to produes the ethyl ester of cyane~ 
phenylacetic seid. Sedamide is the most efficient coniensing agent 
so far suggested. The use of absolutely anhydrous ether (the reflux- 
ing medium), echnical stirring, thorough refluxing and aleo the 
slow introduction of reacténts, threugh a separatory funnel, as 
emphasized by Chap, were ell found to be essential points of techni que. 
The technique asd eveleped seemed satisfactory. The maximum yield wes 
30%. 


Ii. Alkylation. 


CN 
Cet, — | Gis | 
—— 
COO gig COO Rs 
Ethyl eyanophenyl- Sodamide Ethyl eyanophenylacetate, 
acetate Sedium salt 
can fF iy 
.~_ Ces __ 
04 RX enead Cc > Wax 
Ka~ | Am | 
COOC EH, COOC sis 
Ethyl ¢yanophenyl- Alkyl Ethyl alkyleyane- 
acetate, halide phenylatetate 
sodium salt 


In this reaction, ethyl eyanophenylacetats is alkylated with 
the desired halide, RX, in the above reaction. Sedamide is used to 
produes the sodiwn salt, the sediu= of which is replaced by the alkyl 
radical. As a part of this work, m alkylation with tertiary amyl icdide, 
usually considered a difficult alkylation, was effected, as later discussed 


on page 17. 


Upon further consideration of the diethyl carbonate condensa- 
tion and the alkylation reaction it was observed that the sodium salé 
of ethyl eyanophenylatetate is formed in both instanees. In the con- 
densation with diethyl earbonate this @idiwn salt which is produced is 
treated with hydrochloric acid, and the ethyl cyanophonylacetate is 
obtained by distillation under reduced presmire. In order to alkylate, 
the ethyl cyanophenylacetate is changed back again by sodanide to the 
sodium salt followed by treatment with the alkyl halide. The possibility 
of alkylating the sedium salt &s it 1s formed in the diethyl carbonate 
condensation, that is, without iselating the free ethyl ester and sub- 
sequently reconverting it into the sodium salt, wes investigated. Negative 
results were obtained. Aeeording to molecular weight determinations, no 
alkylation was effected with either isopropyl bromide or tertiary amyl 


iodide. 
Molecular Yeight 
Calculated Found (freezing point 
nethal } 
Ethyl cyanoisopropylphonylaestate, 231 190 
Ethyl scyenotertiaryamylphenylacetate, 259 190 
Ethyl cyanophenylacetate, 189 


This shows that no alkyletion resulted as the product was un- 
changed ethyl eyanophenylacetate. 


III. Urea Condensation. NH 
—— fom 
Cok ¢ 
>e + geo Mii, My cen 
r~ | ‘ 
COCs, = HAN CO - aN 
Ethyl alkyleyano- Urea Alkylphenyl-imino- 


phonylacetate barbiturio acid 


In this reaction the ethyl alkyleyanephenylacetate condenses 
with urea in sodium alccholate solution te form 5,5-alkylphenyl=4-imino-~ 
barbituric acid which upon hydrelysis yields the 5,5-alkylphenylberbituric 
acid. Sinoe the yield in this step was very low, several variations were 
made in the procedure. According to Chap, the ethylalkyleyandphenyl- 
acetate, immediately followed by the urea is added to the sodium ethylate. 

It was thought that by refluxing the ethyl alkylcyanophenyl~ 
acetate with sodium ethylate the sodium salt would be formed which might 
condense more fully with the urea then the ethyl ester itself had. Results 
did not bear out this Mea. 

Instead of adding the urea as a dry powder, an alcoholic solution 
of the ethyl ester end the urea was added tothe sodium alcoholate. No 
iminobarbiturie acid was obtained. 

To give the urea a good chance to condense with the ester the 
period. of refluxing was increased from ten hours to two days and a night. 
Continued refluxing did not produce any iminobarbituric acid. As in the 
other cages only a turbidity resulted where there should heave been a 
fleceulent precipitate. 

Sinee considerable ammonia was given eff during refluxing, it 
was thought that a large part of the ures might be decomposing instead 
of condensing with the ester. Hence, an experiment was carried out in 
whieh after the usval quantities of ester and urea had refluxed fer a 
short time a second equal quantity of urea was added. Thus, slightly 
mere than twice the theoretical of urea was present. This excess of 
urea apparently had no effec}. 

tn the ease of the heptyl ester, about half of the ester was 
added tothe scdiun ethylate immediately follewed by the urea ani the 


remaining portion of ester. 


This procedure resulted in a reasonable yield of the imino- 
barbituric acid in the case of this particular ester. 


EXPERDMENTAL WORK 


As previously stated, thorough stirring and refluxing 


and the slow introduction of the reactants are essential points 


of technique. To have these conditions, the apparatus consists 


of a three-necked balloon flask, the middle neck of which is 


fitted with a mercury-sealed stirrer, one side neck with a reflux 


condenser, and the other side neck with a separatory funnel which 


is often later replaced by a thermometer. 


The experimental part of this work eonsists of the study 


(A) The preparations of the following compounds: 
Ie Phenylaeetonitrile. 
IIe Ethyl cyanophenylacetate. 
Heptylphenylbarbit uric acid series. 
III. Ethyl cyancheptylphenylacetate. 
Iv. 5,5-Heptylphenyl-4-iminebarbituric acid. 
Ve 5§,5-Heptylphenylbarbituric acid. 
Isopropylphenylberbituric ecid series. 
Vie Ethyl cyanoisopropylphenylacetate. 
Vil. 5,5-Isopropylphenyl~4-iminobarbituric eeid 
VIII. 5,5-Isepropylphenylbarbituric acid (not obtained) 
Tertiaryemylphenylberbituric acid series. 
IX. Ethyl cyanotertiaryanylphenylacetate. 
Xe 5,5-Tertiaryamylphenyl -4-iminobarbiturie aeid. 
XI. §,S-Tertiaryanylphenylbarbiturie acid (not obtained). 


(B) The modification of procedure in these preparations as 
discussed under "Plan of Work“ end given in detail in the following 


Pages 


Phenylacetonitrile was prepared by the procedurs of 
Roger Adams as given in “Organic Syntheses" .° 
CglipCH,Gl + NaCN <---> C.HaCHoCN + NaCl 


Benzyl Sodium Phenylacatonitrile 
chloride cyanide (Benzyl cyanide) 


Benzyl chloride, 500 g. 


Sodium cyanide, 250 
Water, 228 
Ethyl aleonel, §00 


Two hundred fifty grams of powdered sodium cyanide were 
put into a flask and 225 ee. of distilled water were added. The 
nixture was heated to about 80° on the steam bath for two hours, 
at the end of which tice some of the sodiun eyanide still remained 
undissolved. The benzyl chloride and ethyl alcohol were mixed 
together, and the resulting solution was added dropwise, the addition 
being accomplished in about two hours. The temperature ranged from 
40° at the beginning to 80° at the end, after the steam was turned on. 
During the addition of the benzyl chloride-alcohol mixture, sodium 


12 


chloride began to separate out. The tempereture remained at about 
g2° for six hours. The reaction mixture was first a light yellow 
but gradually became darker, being dark brown at the end of three 
or four hours. The sodium chleride was filtered off with suction, 
and the aleohol from the filtrate was distilled eff under reduced 
pressure, using instead of the usual reduced pressure apparatus, a 
balloon flask, a condenser, and for the receiving flask, a suction 
flask. By distilling eff the aleohol under reduced pressure, the 
“messy” brine bath and the bumping were alleviated. The liquid 
reneining after the alcohol had been distilled off was distilled 
under reduced pressure, using the customary apparatus. The phenyl- 
acetonitrile, a clear colorless liquid, eame over at 110° at 13 mm. 
pressure. The maximum yield was 39%. 

Following the outline presented in “Plan of Present 
Investigation” the remainder of the experimental work will be con- 
sidered from the standpoint of the three type reactions; condensa- 
tion of phenylacetonitrile with diethyl carbonate, alkylation of 
ethyl eyanophenylacetate, and condensation of the alkylated e ster 
with urea, as they were applied in the preparation of isopropyl-, 
tertiaryamyl-, and hot ylphenylbarbituric acids. 


13 
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I. Diethyl Carbonate Condensation. 


oe " 
Cols Cel 
> =o <2... °*. 
- i + @G=0 - - bay + Na0CsH, + NH, 
| OC gh COOC Hy 
Phenylaceto~ Diethyl Ethyl eyanophenyl 
nitrile carbonate acetate 


Since the alkylated esters are merely substitution products 
of ethyl cyanophenylacetate, the reaction given above is necessarily 
the same for all instances. 


Phenylacetonitrile, 117 g- 
Diethyl carbonate, 150 
Sedamide, 42 
Ester, anhydrous, 300 


Forty-two grane of pulverized eodemide were added to 300 g. 
of anhydrous ether! One hundred seventeen grams of phenylecetonitrile 
were added dropwise during constant etirring. Although no heet was 
applied, the reaction mixture became slightly warm ond armonia was 
given off. Am orange-yellow color gradually appeared. A medium fine 
precipitate (the sodium salt of phenylacetonitrile) was formed as the 
phenylacetonitrile dropped in. When all of the nitrile had been added, 
the mixture was refluxed for half an hour. By thie time, the color 
had changed frem an orange yellow to a light brown. 

After cooling to room temperature, 150 g. of freshly distilled 
diethyl carbonate were added dropwise. When all of the carbonate had 
: been added, the reaction mixture was refluxed for two hours. To the 
cold mixture, composed of a dark colored liquid and a lighter colored 
solid, was added dilute hydrochloric acid (1 : 9) until the selid, the 
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sodium galt of ethyl cyanophenylacetate, had been converted 
into the ethyl cyanophenylacetate and dissolved in the 

aqueous layer which was acid to litmus. The ether layer was 
separated from the water layer and the latter extracted with 
ether. The ether extractions were combined end dried over 
Caleium chloride. After the ether had been distilled frem the 
dark red solution, the remaining liquid was distilled at 13 mm. 
pressure. The redistilled ethyl cyanophenylacetate was a light 
yellow liquid coming over at 145°=165°. 


Ethyl Cyanophenylacetate 


press. 

yield bepe> in mm. 
Crude, 82 g- - 30% = 138-170° 13 
Redistilled ST ge 145-165° 13 


II. Alkylation of Ethyl Cyanophenylacetate. 

The alkylation of the ethyl cyanophenylascetate was 
carried out according to the method of Bodroux and Taboury,” 
modified by chaps. 


CON r 
0 Cele 
aia | + ioe > + NaX + NHy 
a Ss : R EE l 
CO0CgHs, COOC gH, 
Ethyl e¢yanophenyl- Alkyl Ethyl alkyleyano- 


acetate haiide phenylacstate 


——— 
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—Reacstante in graeme 
Alkylating Ethyl cyanophenyl- Alkyl Ether 
agent acetate Halide Sodamide anhyd. 
Isopropyl bromide, 50 $3 210 200 
Tertiaryemyl iodide, 47.3 49.5 9.8 200 
n-Heptyl bromide, 36 34 76 100 


The powdered sodemide wasa dded tothe anhydrous ether, and 
then the ethyl cyanophenylaeetate was introduced dropwiee. Ammonia 
was given off ani after refluxing for about six hours, a tan precipi- 
tate, the sodium salt of ethyl cyanophenylecetate, had formed. About 
50 g- of absolute alcohol were then added to we up any unchanged 
sodamide. The alkyl halide was added drep by drop while refluxing 
and stirring were continued. After the halide was added the reaction 
mixture wae refluxed for four days, the stirrer and the steam bath being 
turned off at night. After the excess ether had been distilled off the 
reaction mixture was further refluxed fer eight hours. Water was t hen 
added to dissolve the sodium halide, ani the aqueous layer was acidified 
with dilute sulphuric aeid (20% by weight). The ether layer wae separated 
and dried over calcium dhloride. The ether solution of the tertiaryanyl 
éster was so dark colored (probably due to liberated iodine) that it wae 
thought advisable to wash the ether extract with dilute potassium hydro- 
xide. The remlting solution was eeveral shades lighter when the 
caleium chloride was added to remove the water. By distillation under 
reduced pressure, the alkylated ester was obtained ae a light yellow 
liquid. 
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yield yield 
(ON) (R) (Cols )C(COgCgH ) dep. um. press. in g. 4 


Isopropyl, 160-165° 25 25 42 
Tertiaryanyl, 130-165° 10 18.5 29 
n-Heptyl, 185-195° 9 33 52 


Alkylation by new method. 
This new method consists of combining the alkylation 


with diethyl carbonate condensation. 


ag r 
Cols Cols 
™ + €20 Rae MY Py: * NH, + HOCois 
H~ } | Ne 
H OCgHs COOCgHs 
Phenylaceto~ Diethyl Ethyl cyanophenyl- 
nitrile carbonate acetate, sodium salt 
” ' 
Cols Cols 
>: + RX «==> 6 + §ax 
Naw | R~ | 
COOCgHs, COOC SH, 
Ethyl ceyanophenyl- Alkyl Ethyl alkylcyano- 
acetate, sodium salt halide phenylacetate 
——_Reactants in grams 
Alkylating Bensyl. Diethyl 
agent cyanide carbonate Sodemide Halide Ether 
Isopropyl bromide, 45 60 16 50 200 
Tertiaryamyl iodide, 25 35 10 35 200 


The pulverised sodamide was aided to the ether, and then the 
phenylacetonitrile was added dropwise. After refluxing for about a 
half hour the diethyl carbonate was introduced drop by drop, and the 


reaction mixture was refluxed for about two hours. At this time such 

a large quantity of the solid sodium salt of ethyl cyanophenylacetate 

had formed that only the center portion ws being stirred. However, 

by increasing the speed of the stirrer, + he whole mass gradually 

became agitated once more. Thevalkyl halide was then slowly added 

and the reaction mixture refluxed for four days. Enough water was 

added to dissolve the sodium halide, and the aqueous layer was acidified 
with dilute sulphuric acid (20% by weight). The ether layer and ether 
extracts of the water layer wre dried over calcium chloride and distilled 
under reduced pressure. The results of the two attempted alkylatione are 


as fllows: 
press. mol. wt. 
dep. in mm. Ge (f-p-) 
Isopropyl, 150-160° 10 80.6 190 
Tertdaryamyl (a) 150-160° lz 12.5 190 
~ (p) 155-168" 12 7.0 

Ethyl cyanophenyl- § 140-160° 13 - 189 

acetate, 


From the above boiling point and molecular weight determina~ 
tions, it is evideut that no alkylation was effected as the product was 
simply ethyl eyanophenylacetate. 


Iti. Urea Condensation. 
The condensation of ethyl alkyloyanophenylecetate with urea 
resulted in the 5,5-alkylphenyl-4-iminobabbituric acid. The procedure 


of Gonrad)° (with several modifications) was followed. 
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7 
ie ig 7 \ ~ NH 
5 — Faoc Cols — t 
. at + ; = 0 Be0Cois, : 4 t e 0 
COOCaHs HAN CO - HN 
Ethyl alkylcyano- Urea 5,5-Alkylphenyl ~4- 
phenylacetate iminobarbituric acid 


The first. urea condensation to be carried out in this investigation 

was with the heptyl ester. As will be shown later several modifications 
of this procedure were made in the condensation of urea with the isopropyl 
and the tertiaryamyl esters. | 

Sodium ethylate wes prepared from 100 g. of absolute ethyl 
alcohol end 6.5 g- of sodium chips. Approximately one-half (16 g.) of 
the ethyl cyanoheptylphenylacetete was added slowly, immediately followed 
by 10 g- of urea. Due to the sudden appearance of a purple color, the 
remainier of the ester, 33 g. 4n all, was hastily added. After refluxing 
for eight hours the alcohol was distilled off. The residue was dissolved 
in water (about 600 ¢c.) and the unchanged ester vas removed by extraction 
with ether. Upon acidifying the aqueous layer with concentrated hydro- 
chloric acid a white erystelline precipitate, 5,5-hdptylphenyl-4-imino- 
barbituric aeid settled out. This was recrystallised from 95% alechol. 
Yield, 2 ge = 8%, map. 252°C. 

Since the yield of iminobarbituric acid was so low, several 
variations were made in carrying out the reaction. 

As explained on page 14, it was thought that conditions for 
condensation might be made more favorable by forming the sodium salt of 
the alkylated ester and then adding urea to this sodium salt. 

Sodium ethylete was made from 50 g. of absolute ethyl alcohol 
and 1 g- of sodium. Five gams of ethyl cyanoisopropylphenylacetate were 


added dropwise, and the reaction mixture refluxed for five hours. Then 
2 g- of urea were added, and the reaction carried on as in the case of 
the heptylphenylimino acid. Acidifying the water resulted in a turbidity 
only, not in a flocculent white precipitate. 

In the two cases just refsrred to, the urea was added as a dry 
powder. An attempt was made to eecure condensation by introducing the 
urea as a eolution. 

Sodium ethylate was made from 100 g. of alcohol and 5 g. of 
eodium chips. Six grams of urea were dissolved in about 100 g. of hot 
absolute alcohol and the ester was added to this solution. After the 
solution had been added slowly to the sodium alcoholate, the procedure 
was the same as in the first instance cited. Agd&in, only a cloudiness 
appeared instead of a white precipitate. 

The next modification of procedure in the condensation of the 
alkylated ester with urea was to use an sxcess of urea. 

Two grams of sodium were added to 50 ce. of absolute alcohol. 
This was followed by 2.3 g- (theoretical amount) of urea, and then 7 g. 
of the isopropyl ester. After refluxing . overnight, 2 g- more of urea 
were added. As before, no iminobarbituric acid wae obtained. 

It was thought possible that a refluxing period of ten hours 
wae not sufficient, so inthe next trial the urea and ester were refluxed 
about thirty-six hours. 

Three grams of dry urea were added to sodium ethylate made fron 
50 ece of absolute alcohol end 2 g- of sodium chips. Ten grams of the 
isopropyl ester were added, and the reaction mixture was refluxed for two 
days and a night. No well defined precipitate but merely a turbidity 


appeared upon acidifying the aqueous layer. 


Finally, as in the ease of the heptylphenylimino barbituric 
acid, part of the isopropylester was first added tothe sodium ethylate, 
then the urea, od finally the rest of the ester. 

To 100 g. of absolute alcohol were added 4 g. of chipped sodium. 
To this sodium ethylate 7 g. of ethyl cyanoisopropylphenylacetate, 6 g. of 
urea, and then 7 g- more of ethyl cyanolsopropylphenylacetate were success- 
ively introduced. Again, no iminoberbituric acid was obtained. 

The preparation of tertiaryanylphenyliminoberbituric acid was 
attempted by introducing into ecodium ethylate, made from 200 g. of absolute 
alcohol ani 2 g- of sodium, 5 g. of dry urea immediately followed by 10 g. 
of the tertdaryamyl ester. No tertiaryamylphenyliminobarbituric acid we 
produced by this procedure. 

The variations made in the urea condensation areas follows: 

I. The ester was refluxed in the sodium ethylate for 

several hours before the urea was added. 
II. The urea was aided as a solution instead of dry. 
III. A large excess over the theoretical amount of urea was used. 
IV. The period of refluxing the urea and ester together in the 
sodium alcoholate was increased. 
In all cases, the modifications of the procedure gave only 


negative results se far as the condensation was concerned. 
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—tiextylphenylbarbituric aeid 


The preparation of only one of the final berbituric acids was 
carried through to completion, viz., that of the heptylphenylbearbiturie 
acid. In this case the heptylphenyliminobarbituric acid described on 
page 19 was hydrolysed vith hydrochloric acid. 

One end one-half grams of the imino acid were put inte 100 ec. 
of hydrochloric acid of sycifie gravity 1.05. The mixture was refluxed 
about two hours. The white wystalline eubstence was filtered off and 
recrystallized from 95% eleohol. The recrystallized heptylppenylbarbituric 
acid was a beautiful white glistening compound, m-p. 150°, yield, 1.0 g. = 


63%. 


SUMLARY 


The work done in the present investigation may be summed 
up din the following form: 

(A) The study of the preparation, by methods used by other 
workers in this laboratory and as cited in previous 
references, of 

(1) 5,5-Isepropylphenylbarbituric acid (not obtained) 
with the intermediate 
a) Ethyl eyanophenylacetate. 
b) Ethyl cyanoisopropylphenylacetate. 
¢) 5,5-Isepropylphenyl-4-iminovarbituric acid. 
(2) 5,5-Heptylphenylbarbituric acid with the intermediate 
(a) Same as (1). 
(b) Ethyl cyanchepty)phenylacetate. 
(c) 5,5-Heptylphenyl-4-iminoberbituric acid. 
(8) 5,5-Tertiaryamylphenylbarbituric acid (mot obtained) 
(a) Seme as in (1) 
(b) Ethyl cyanotertiaryamylphenylacetate. 
(c) 5,S-fertiaryamylphenyl-4-iminobarbituric aeid. 

(B) The study of certain modifications of the proceedure in effecting 

these preparations. 
(1) The combining of two steps, - diethyl carbonate eendensation 
and alkylation. 
(2) In the urea condensation, the use of 
(a) A longer refluxing period of the ester and 
sodium ethyleate before the addition of any urea. 
(b) An eleoholic solution of urea. 
(e) A longer refluxing period of the alkylated ester 


and urea. 
(a) An excess of urea. 


Although thoroughly tried, in s ome cases e everal times, none 
of these nodifications improved the yield, and in most instances gave 
no resulting product whatever. 


CONCLUSIONS 


The conclusion, therefore, is very brief, vis., that no 
modification of the procedure previously adopted in this laboratory 
for thie synthesis of 5,5-Alkylphenylbarbituric acids, has been found 
as a result of this investigation. 
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